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1. Why?
? General relativity cannot provide us with a preferred time.
There is no preferred foliation by space-like hypersurfaces.
The ADM decomposition is useful in FLRW models, due to their symmetry.
The foliation by constant mean curvature hypersurfaces (CMC) is 
independent of the particular symmetry of the considered model.
These spacetimes have not “global” cosmic time.
The foliation by CMC hypersurfaces should cover 
the existence of most observers, in oder to count 
the events that we measure.
? Nucleation of a bubble containing another universe.
is a vacuum energy corresponding to a minimum of a potential. 
False vacuum decay: true vacuum bubble (TVB)
The nucleation of a false vacuum bubble (FVB)
2. Junction conditions on the bubble wall
De Sitter: 4-hyperboloid embedded in a 5-Minkowski space
? Trajectory of the wall in the outside space
outside space: inside space:
? 1st junction condition:
would depend on the particular form of the potential presenting the two minima.
? 2nd junction condition:
This limit cannot be properly reached by 
using the thin-wall approximation
3. Foliation by CMC hypersurfaces
? Constant mean curvature hypersurface:
? The hypersurfaces which have CMC in our spacetime would also be CMC 
hypersurfaces in a simple de Sitter space
It implies a nontrivial differential equation!!
Argument: The intersection of two 4-hypersurfaces with CMC in a 
5-dimensional Minkowski space produces a 3-hypersurface which 
would also have CMC when considering this hypersurface defined 
in the spacetime given by one of the original 4-hypersurfaces.
?We can think about the symmetry of a de Sitter space to find particular 
solutions of the differential equation
A de Sitter hyperboloid is a CMC 4-hypersurface in the
5-dimensional Minkowski space.
? CMC throughout the whole hypersurface:                                         (condition I)
? The hypersurfaces must be regular
•They fulfill the 1st junction condition on the bubble wall:     and       (condition 2)
•The orthonormal vector to the hypersurfaces must be regular:         
(condition 3)
System of three equations with four unknown parameters
There are two sets of solutions.  The value of    fixes the hypersurface of the foliation.
Argument Symmetry of the space with the bubble
? The simplest 4-hypersurfaces are hyperplanes which can be seen as lines in a           
-------section of the space.
Intersection with 
the hyperboloid
Inside space:
4. Study of foliation I
The hypersurfaces are well-defined 
for
•Outside space
? The foliation covers an infinite region of this space but also avoid an infinite part.
Is it enough to cover the existence of most observers? 
How far a particular congruence of geodesics can go in outside cosmic 
time before reaching the end of the foliation?
Congruence of geodesics orthogonal to
affine parameter
Outside space:

TVB:•Inside space
FVB:•Inside space
•Portion of the space covered by the foliation
? Carter-Penrose diagram of the outside space:
constant
constant
? Region
It can be obtained by taking the same time re-
definition as in de Sitter space, that is
But, in this case 
We can roughly estimate the area of the 
diagram being covered by the foliation by 
approximating the area covered by the 
curves by the area covered by lines 
which have the same end-points.
The foliation covers most of the 
outside space, even for large 
values of 
•Inside space:
The region covered by the foliation is 
generally smaller in the inside space 
than in the outside space. 
The foliation could also cover most of the 
inside space for small values of      
and/or     .
5. Conclusions
•We have obtained two foliations by CMC hypersurfaces of a de Sitter 
spacetime whith a Coleman-De Luccia bubble of de Sitter space inside.
•One of these foliations could cover the existence of most observers if we 
are placed in the outside region, whereas if we are living in the region 
inside the bubble, then it would cover our existence only for particular 
decay models.
•This foliation would also cover most part of the Penrose-Carter diagram 
of the outside space. In the region inside the bubble, it would be more 
efficient for a TVB than for a FVB model.
•We have suggested an argument that could help us to find more CMC 
foliations. It establishes that the intersection of two hypersurfaces with 
CMC in a Minkowski space produces a hypersurface, with lower 
dimension, which would also have CMC when considering this resulting 
hypersurface defined in the spacetime given by one of the original 
hypersurfaces.
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